suMMARY A technique of recording the pressure apexcardiogram by means of a high-fidelity piezoresistive transducer has been developed in our laboratory. It permits the quantification of pressure with which the transducer is applied to the chest wall as well as the pressure changes during a cardiac cycle. In this preliminary report, apexcardiographic pressures were compared with simultaneously recorded high-fidelity left ventricular pressure in 32 patients. There were no significant differences in the timing of the left ventricular systolic upstroke and the "O" point. Peak dP/dt of the apexcardiogram occurred (10± 13 ms) significantly earlier than the intraventricular pressure recordings. Though there was a correlation between developed diastolic pressure (end-diastolic minus early diastolic pressure) measured by the apexcardiogram (20 ± 14 mmHg) and intraventricular pressure recordings (11±6 mmHg), the former was significantly higher. Pressure overshoots in early and late diastole contributed to this overestimation by the apexcardiogram but the relative contribution of each phase varied from patient to patient. There was a similar correlation between systolic pressures, but this index tended to be underestimated by the apexcardiogram.
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The data suggest that the apical impulse is not solely caused by the passive transmission of left ventricular pressure. The convenient, direct method of measuring application and developed pressure at the apex described in this report permits scientific investigation of the forces responsible for genesis of this impulse and its alteration in pathological states.
Conventional apexcardiography provides a record of relative displacement, that is, displacement of the chest wall enclosed by the transducer pick-up cup in relation to the surrounding area at the rim of the cup.' 2 The impulse cardiography of Mounsey3 and kinetocardiography of Eddleman4 record absolute chest wall movement at the point of measurement in relation to a fixed point in space. Both relative and absolute displacement recordings are significantly modified by physical properties of the chest wall and the application or loading pressure. Therefore, it has been felt for some time that the measurement of the force or pressure which causes the displacement would be more meaningful * Supported in part by a grant-in-aid from the Western Pennsylvania Heart Association.
t Presented at the 51st Annual Scientific Session of the American Heart Association, [13] [14] [15] [16] The four-leg active bridge is supplied with a highly regulated direct current voltage of ±3 volts. The signal voltage is amplified by an instrumentation amplifier so that an output of 1 volt is equivalent to a pressure of 100 mmHg. The system is calibrated with air pressure using a sphygmomanometer.
The voltage generated by the total pressure (which is the sum of static pressure and dynamic pressure) is fed into the summing junction of an operational amplifier. A negative voltage is then applied to offset the output so that the "0" point of the apexcardiogram is close to the baseline. The loading pressure is determined from the negative voltage applied since the latter is calibrated (1 volt = 100 mmHg). The negative voltage opposing the loading pressure could be applied in steps of 0, 40, 80, 200, 400, and 800 mmHg. The signal is then 40-200cps passed through a low-pass Butterworth filter with 40 db/decade roll-off above 25 Hz and electronically differentiated and calibrated (1 volt = 1000 mmHg/s) to measure dP/dt of the apexcardiogram. The undifferentiated signal is used to record the apexcardiographic pressure.
With the patient in the semi-left lateral recumbent position, the apexcardiograph transducer was held to the chest wall at the point of maximal apical impulse by means of a three-legged holder fastened to the patient with a three-way elastic strap For each patient, the following measurements represented an average of five consecutive cardiac cycles and were obtained from recordings taken at a paper speed of 100 to 200 mm/s, with 20 ms time lines. Developed diastolic pressure of the apexcardiograph was measured from the "0" point to the onset of the systolic wave upstroke (Fig. 2) . Left ventricular developed diastolic pressure was left ventricular end-diastolic pressure minus mini- mum left ventricular early diastolic pressure. Since the left ventricular early diastolic nadir was not a temporally distinct point in most patients, zero dP/dt in early diastole was selected as the "0" point for both the left ventricle and apexcardiogram in all cases ( Fig. 3 and 4) . Systolic pressure of the apexcardiogram was measured from the "0" point to the peak of the systolic wave (Fig. 2) ; apexcardiograph systolic pressure was not measured in seven patients since recordings were obtained only at high gain in these subjects.
Left ventricular and apexcardiograph pressure recordings were compared with respect to the occurrence of the onset of the systolic upstroke, "0" point and peak dP/dt. 
Results

ONSET OF LEFT VENTRICULAR SYSTOLIC WAVE
The onsets of the systolic waves in the apexcardiogram and left ventricular pressure traces were not significantly different. They were simultaneous in 24 of the 32 patients (Fig. 4) , occurred 1010o 40 ms earlier in the apexcardiogram of six patients (Fig. 3) , and were earlier by 20 ms in the left ventricular pressure traces of two patients.
"O" POINT The "0" point of the apexcardiogram was simultaneous with left ventricular pressure in 22 patients (Fig. 4) , preceded it by 10 to 40 ms in eight patients, and followed it by 20 and 40 ms, respectively, in two patients (Fig. 3) . The mean difference (± SD) was 5 (± 16) ms which was not statistically significant. (Fig. 3) , occurred simultaneously with it in nine patients (Fig. 4) , and followed it by 5 to 15 ms in three patients (mean (±SD), 10 11 ± 5 mmHg). In five and four of the 16, this overPeak dp/dt estimation by the apexcardiogram was totally 4 P accounted for by early and late diastolic "overshoots", respectively. In the remaining seven 3500 patients, overshoots occurred at both points. 3000 SYSTOLIC PRESSURE (Fig. 8 (Fig. 9) identity.
Left ventricular peak dP/dt ranged from 576 to and apexcardiographic peak dP/dt ranged from 477 to 3757 mmHg/s (mean ±SD = 1456 ±620 mmHg/s). Correlation between the two was poor (r=0-42).
Discussion
Calibrated pressure apexcardiography employing piezo-resistive transducers has several distinct advantages: (1) it permits quantification of the apical impulse in mmHg and is essentially independent of chest wall displacement. The latter depends on chest wall compliance, which may vary from patient to patient. It should be noted, however, that the pressure perceived by the external transducer at the apex is caused by both active dynamic forces originating from cardiac motion, as well as passive transmission of ventricular pressure; (2) it permits quantification of the application or loading pressure. The pressure apexcardiographic transducer head must be applied to the chest wall with sufficient pressure so that proper coupling is obtained between it and the underlying ventricle. Since both displacement3 and pressure' measured by apexcardiography have been shown to be dependent upon loading pressure, measurement of the latter is crucial for the quantification of any apexcardiographic signal; (3) the system has an infinitely long time constant (zero to 20 kHz band width), which circumvents the disadvantages of poor time-constant apexcardiographic recordings.
The method, however, has disadvantages and limitations: (a) it is not possible to record the apexcardiogram in all patients, though our experience has been that such failure occurs in patients whose apexcardiogram has not been obtainable by other techniques. (b) As with any apexcardiographic system, the position of the patient and placement of the transducer has a significant effect on the height of the signal, and both must be optimal to obtain the maximal impulse. 
